Erysipelothrix rhusiopathiae is a gram-positive rod capable of causing erysipelas in swine. To establish a method for specifically detecting E. rhusiopathiae for practical applications, such as for the inspection of slaughterhouses, the feasibility of using primers derived from the DNA sequence coding for 16S rRNA in a PCR-specific detection system was investigated. Oligonucleotide primers were designed to amplify a 407-bp DNA fragment by PCR. The amplification was specific to the Erysipelothrix DNA but not to that of other bacterial genera tested. This PCR-based method efficiently and specifically detected the Erysipelothrix DNA sequence in joint and spleen samples from mice within 6 h, and application of the 407-bp DNA segment from samples containing very low numbers of bacteria (<20 bacteria per spleen from mice) was possible. Although this PCR amplification is specific for the Erysipelothrix genus, which contains at least two species, E. rhusiopathiae and E. tonsillarum, it can be concluded that all Erysipelothrix strains detected by this PCR system in diseased pigs are E. rhusiopathiae because only E. rhusiopathiae is virulent for pigs. These results show that this PCR amplification system using the DNA sequence coding for 16S rRNA is very rapid and reliable and avoids cumbersome and lengthy cultivation steps, demonstrating that this system could be used for practical applications.
Erysipelothrix rhusiopathiae is a small gram-positive rod that causes erysipelas in swine and a variety of diseases in other animals and birds, as well as erysipeloid, a human skin disease (23) . Erysipelas can occur as an acute septicemia or chronic disease with development of arthritic lesions and endocarditis, which causes great economic loss and continues to be a major problem in swine-producing areas of the world.
In Japan, erysipelas is generally found in several thousand slaughter-bound swine every year, all parts of which must be wasted. Therefore, the detection of E. rhusiopathiae in slaughter-bound swine is very important, but it is difficult to distinguish E. rhusiopathiae from gram-positive bacterial species such as Listeria monocytogenes, Corynebacterium pyogenes, and Streptococcus suis, which have similar biochemical characteristics and are usually causative agents of arthritis and endocarditis in swine. The routine detection method for E. rhusiopathiae involves direct culturing from preparations derived from the joints, heart, and other organs of infected swine on selective media and subsequent enrichment culturing in liquid medium to obtain heat-stable antigen by hot aqueous extraction for serotyping (2) . However, this method is time-consuming, since enrichment schemes may require up to 4 days for the identification of E. rhusiopathiae. Hence, it is highly desirable from an economic and health viewpoint to establish a highly sensitive, reliable, rapid, simple, and widely applicable method for detecting E. rhusiopathiae in livestock.
Recently, several methods have been proposed to replace the time-consuming classical techniques for detecting bacterial pathogens, for example, DNA-DNA hybridization with a bac-terium-specific probe and PCR. PCR techniques especially (10) could be an attractive tool for detection of pathogens directly from food, meat, biopsy samples, and other sources (1, 6, 7, 13, 19, 20, 22) . However, the complex composition of those products might compel extensive purification procedures in order to obtain DNA of a purity suitable for PCR amplification.
In this study, we have evaluated the use of PCR amplification in detecting E. rhusiopathiae, which could be widely applicable for slaughterhouses. The experiments described here are based on the amplification and subsequent detection of fragments of Erysipelothrix DNA coding for 16S rRNA, which can be amplified specifically for Erysipelothrix species.
MATERIALS AND METHODS
Animals and bacterial strains used. Specific-pathogen-free mice (BALB/c) 4 to 8 weeks old were supplied by the Animal Medicine Section in the Institute of Public Health. All bacterial strains used in this study are listed in Tables I and 2. DNA preparation. To isolate total DNA from the bacteria shown in Table 2 , bacterial cells from 1.5 ml of bacterial culture grown for 24 h were suspended in 200 p.l of TES buffer (50 mM Tris-HCl, 5 mM EDTA, 50 mM NaCl [pH 8.0]) containing 10 .I1 of lysozyme (10 mg/ml) and were incubated for 30 min at room temperature or at 37°C before the addition of 10 pl. of 10% sodium dodecyl sulfate (SDS) and 10 p. of proteinase K (20 mg/ml). After further incubation at 55°C for 60 min, the crude DNA preparation was treated with RNase, extracted three times with phenol-chloroform, precipitated with ethanol, and dissolved in TE buffer (10 mM Tris-HCl, I mM EDTA [pH 8 .0]). To isolate total DNA from E. rhusiopathiae strains, TES buffer containing 10 p.1 of lysozyme (10 mg/ml) and 10 p.l of N-acetylmuramidase SG (1 mg/ml; mg/ml), and 1 pL. of RNase (10 mg/ml) were added. After incubation at 55°C for 60 min, the DNAs were extracted three times with phenol-chloroform, precipitated with ethanol, and dissolved in 100 p. of sterilized water. One and 10 pL. of the suspensions of the samples prepared from joints and spleen, respectively, were directly used for the PCR. Other techniques. Southern hybridization was performed according to the method described by Maniatis et al. (9) with the DIG DNA Labeling kit and DIG Luminescent Detection kit (Boehringer Mannheim, Mannheim, Germany). DNA was sequenced by the dideoxy chain termination method of Sanger et al. (11) with the Bca Best sequencing kit (Takara Shuzo Co. Ltd., Kyoto, Japan). PCR products were treated by DNA polymerase to produce flush ends and were cloned into the SmaI site of pUC119 and pUC118 (Takara Shuzo Co., Ltd., Kyoto, Japan). RESULTS PCR with total DNA from various bacteria. Although bacterial DNA sequences coding for 16S rRNA generally contain many universal short DNA regions, two short DNA segments within the DNA sequence coding for Erysipelothrix 16S rRNA (21) , which seem to be specific to Erysipelothrix species, were selected to synthesize oligonucleotide primers for PCR and were designated MO101 and M0102. PCR was performed with purified total DNA from E. rhusiopathiae ATCC 19414 with various concentrations of MgCl2 in the reaction mixture and at various annealing temperatures. Optimum conditions for PCR were determined as described in Materials and Methods. Under those conditions, only a single band corresponding to a 407-bp DNA segment derived from the DNA sequence coding for 16S rRNA was amplified (Fig. 1, lane 1 To test whether this PCR amplification was specific to Erysipelothrix species, PCR was performed for all of the strains shown in Table 2 . No amplified DNA was seen in any of the mixtures without E. rhuKsiopathiae ATCC 19414 DNA (Fig. 2,   lanes 1, 3, 5 , 7, and 9), whereas a single 407-bp band that hybridized with DNA derived from E. rhusiopathiae ATCC 19414 DNA samples (Fig. 1, lane 1 Nagasaki or Koganei in brain heart infusion broth with 0.1% Tween 80. At 3 or 4 days after being challenged, all mice survived but displayed arthritic symptoms regardless of the inoculum size present, and then stifle joints and spleen were taken to calculate the number of bacteria and were subjected to PCR as described in Materials and Methods. The joint samples con- swine erysipelas (13a), and the spleen samples contained less than 20 CFU regardless of the inoculum size.
To prepare the samples for PCR, the boiling method described in reference 6 and the lysis method described in Materials and Methods were performed. In the boiling method, the samples were prepared for PCR by boiling at 100°C for 15 min followed by centrifugation, and an aliquot of (kb) (12, 17) . According to recent studies with DNA-DNA hybridization, however, this genus now seems to consist of at least two species, E. rhusiopathiae and E. tonsillarum (15) . In this study, PCR with MOIO1 and M0102 primers amplified a 407-bp DNA band from E. tonsillarum, which strongly hybridized to a 407-bp band amplified from E. rhusiopathiae total DNA (Fig. 1) . Moreover, the nucleotide sequences of both amplified DNA fragments were almost identical (2a) , implying that both species are indistinguishable from each other by this PCR method and that this PCR system will thus detect all Erysipelothrix species. However, E. tonsillarnm is usually found in the tonsils of apparently healthy pigs and is avirulent for pigs, but E. rhusiopathiae is fully virulent (14) (15) (16) 
